Abstract: The modern trend in industrial application problem deserves modeling of all relevant vague or fuzzy information involved in a real decision making problem. In this paper the usefulness of the proposed S-curve membership function is established using a real life industrial production planning of a chocolate manufacturing unit. The unit produces 8 products using 8 raw materials; mixed in various proportions by 9 different processes under 29 constraints. A solution to this problem establishes the usefulness of the suggested membership function for decision making in industrial production planning. The objective of this paper is to find the optimal cost to produce 8 products using modified Scurve membership function as a methodology. The fuzzy linear programming approach is used to solved this problem. The optimal cost function is obtained respect to two major factors of degree of satisfaction and vagueness.
INTRODUCTION
Due to limitations in resources for manufacturing a product and the need to satisfy certain conditions in manufacturing and demand, a problem of fuzziness occurs in industrial production planning. This problem occurs also in chocolate manufacturing when deciding a mixed selection of raw materials to produce varieties of products. This is referred here to as the Product-mix Selection Problem (Tabucanon, 1996) . The data for this problem are taken from the data-bank of Chocoman Inc, USA (Tabucanon, 1996) . Chocoman produces varieties of chocolate bars, candy and wafer using a number of raw materials and processes. The objective is to use the modified S-shaped membership function for obtaining a cost optimization procedure through FLP (Fuzzy Linear Programming).
The modified S-curve membership function is proved to be a flexible membership function through an analytical approach . This membership function is to be used in FLP involving fuzzy objective coefficients, fuzzy technical coefficients and fuzzy resource variables. The modified S-curve membership function is flexible enough to describe vagueness in these fuzzy parameters.
The objective of the company is to minimize its cost, which is, alternatively, equivalent to minimizing the cost to produce eight products. That is to find the optimal product mix under uncertain constraints in the technical, raw material and market consideration. Furthermore, it is possible to show the relationship between the optimal cost and the corresponding membership values (Vasant et al., 2002a) . According
to this relationship, the decision maker can then obtain his optimal solution with a trade-off under a pre-determined allowable imprecision (Zimmermann, 1985) and (Vasant and Barsoum, 2005) .
METHODOLOGY FOR FPS PROBLEM
The Fuzzy Product -mix Selection Problem (FPS) is stated as: There are eight products to be manufactured by mixing eight raw materials with different proportion and by using nine varieties of processing. There are limitations in resources of raw materials. There are also ten constraints imposed by marketing department such as product -mix requirement, main product line requirement and lower and upper limit of demand for each product. All the above requirements and conditions are fuzzy. It is necessary to obtain optimal cost with certain degree of satisfaction by using fuzzy linear programming and modified S-curve membership function.
The first step is construction of S-curve membership function for the FPS problem. Then followed by formulation of FLP problem which represent FPS problem. This mathematical model of FLP problem will be solved by using LP toolbox in MATLAB ® .
Here we only consider one problem of FPS in which the objective coefficients, technical coefficients and resource variables all are fuzzy. The FLP model for this problem is given in (1). The objective function is the cost for the FPS problem. The following values are substituted in the equation (2) with 001001001 . 0 = C , B = 1, α > 0 and α = 13.8135 . Equation (1) is solved by using parametric programming approach (Carlsson and Korhonen, 1986 ) and a modified S-curve membership function used as a methodology (Vasant et al., 2002b; Vasant 2004 ). The input data for c j is the cost fuzzy values, a ij technical coefficients and b i is the resource variables for FPS problem. The fuzzy interval for objective coefficients c j (cost) is calculated from the profit and revenue optimization (Tabucanon, 1996) . The interval for cost is selected such a way that it's value less than profit. There are 29 constraints and 8 products and hence in (1) In similar way we can construct membership function for fuzzy resource variable and fuzzy objective coefficient and it's derivations . Since the technical coefficients and resource variables are fuzzy therefore the outcome of the cost function will be fuzzy.
FUZZY SOLUTIONS AND THE OUTCOME
The FPS problem is solved by using MATLAB and its toolbox of Linear Programming (LP). The vagueness is given by α, and µ is the degree of satisfaction. The LP toolbox has two inputs namely α and µ in addition to the fuzzy parameters. There is one output z * , the optimal cost function.
The given values of various parameters of Chocolate Manufacturing are fed to the toolbox. The solution can be tabulated and presented as 2 and 3 dimensional graphs. From Figure II , we can see that the graph behaves as an increasing function. This shows that the objective values are increases as degree of satisfaction increases. The cost function (objective value) has a value 332660 at µ = 0.999. We define this as 99.9% degree of satisfaction. Accordingly a z * of value 257920 has 0.1% degree of satisfaction. The possible realistic solution exists at µ = 0.5 (ie 50% degree of satisfaction) with a value of z * as 297500. The nonfuzzy situation (i.e all the coefficients a ij , c j and b i are precise) and the z * value has been computed to be less than 257920 (Tabucanon, 1996) . It is found that z * becoming more than that of a totally non-fuzzy situation 2003) . The result obtained by using fuzzy optimization approach far better than the result obtained by deterministic approach (Tabucanon, 1996) . The comparison for the profit function is available in . Figure II illustrates the variation of objective values z * with respect to degree of satisfaction µ for one value of vagueness factor α = 13.8135. It will be useful for the decision maker to observe such variations for several values of α. Figure III , shows the nature of variations of z * with respect to µ when α varies from 1.5 to 39.5.
A. Objective Values for Various α
The realistic solution with an uncertainties in fuzzy parameters of technical coefficients and resource variables exists at µ = 50%. Hence the result for 50% degree of satisfaction for 1.5 ≤ α ≤ 39.5 and the corresponding values for z * are tabulated in Table 2 . The fuzzy outcome for the cost function decreases as vagueness α increases in the fuzzy parameters of technical coefficients, objective coefficients and resource variables. This is clearly shown in Table 2 . Table 2 is very important to the decision maker in picking up the α so that the outcome will be at good enough satisfactory level. The outcome in Table 3 shows that when the vagueness in increases results in less cost. Also it is found that the S-curve membership function with various values of α provides a possible solution with certain degree of satisfaction.
Furthermore the relationship between z * , µ and α is given in Table 3 . This Table is very useful for the decision maker to find the cost any given value of α with degree of satisfaction µ. From Table 3 it is observed that at any particular degree of satisfaction µ the cost of products z * decreases as the vagueness α increases between 1.5 and 39.5. Similarly at any particular value of vagueness the cost of products are increases as the degree of satisfaction increases. The diagonal values in the Tables 3, show that the cost increases at lower value of µ (0.1% ≤ µ ≤ 5.09%). Then z * value decreases for 5.09% < µ ≤ 89.92%. Lastly z * value increases for 89.92% < µ ≤ 99.9%. This result shows that good decision (higher degree of satisfaction) does not guarantee minimum value in cost (objective value). This means one should satisfy with degree of satisfaction when come to making decision in a fuzzy environment. The result shows that, the outcome almost does not depend on the decision made at early stage of input level for fuzzy parameters of objective coefficients, technical coefficients and resource variables.
CONCLUSION
The S-curve membership function was used in generating fuzzy parameters towards solving an industrial production-planning problem. These parameters are defined in terms of the fuzzy linear programming problem and named as the fuzzy coefficients of the objective function, fuzzy technical coefficients and fuzzy resource variables. Membership values for this fuzzy parameters are created by using the S-curve membership function. This formulation is found to be suitable in applying the Simplex Method in Linear programming (LP) approach. This approach of solving industrial production planning problem can have feed back within the decision maker, the implementer and the analyst. It is to be noted that minimum cost need not lead to higher degree satisfaction. The decision maker has to satisfy with the cost, which was obtained through FLP process respect to degree of satisfaction. Since the emphasis is given to degree of satisfaction and vagueness in the fuzzy system so the problem of finding the well distributed z * function becomes very important in this work. In order to obtain this, we need experience and expertise in selecting parameter α . The Tables and Figures are very useful for the decision maker and the implementer to make final decision for picking up the optimal cost.The input data for cost function was calculated from profit function and return. Since both profit and return are fuzzy input therefore the cost function also has to be fuzzy. The selection of fuzzy cost function for input data has made such a way that the value is less then the profit. The outcome of the cost function for this FPS problem almost equal to the profit function. It is possible to reduce the cost function by carrying out the solution procedure continuously in an interactive manner between decision maker and analyst. This will result in fuzzy system of industrial production system of interactive process. The best good enough outcome for minimum cost function can be achieved by designing self-organizing fuzzy system for the FPS problem.
